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In recent vears there have been several comprehensive reviews concerning. the 
mechanisms of cell division (Gross, 1960; Матла, 1961; Levine, 1963). However, 
the nature of the structural proteins believed to be involved in cytokinesis 15 still to 
be elucidated. Possibly, the answer to what mechanisms are responsible for 
cvtokinesis could be clarified by an understanding of the role thiol groups play and 
their relationship to sol-gel reactions which accompany cytokinesis. 

Thiol groups are known to play an important role in mitotic formation ( Малла, 
1958; Мала and Zimmerman, 1958). Inhibiting the thiol groups of cleaving cells 
with sulfhvdryl inhibitors (salyrgan and p-chloromercuribenzoate) was found to 
block ceytokinesis (Zimmerman et al., 1957). Furthermore, the inhibition. of. the 
thiol groups is related to a weakening of the cortical plasmagel of the egg. The 
fluctuation in the —SH content of contractile thread models prepared from sea 
urchin eggs has also been studied with respect to elucidating the mechanisms of 
division (Sakai, 1962a, 1962b). 

Experiments employing mercaptoethanol, a substance having a readily available 
source ої thiol groups, have demonstrated that gelated structures within the cell, 
such as the mitotic apparatus (Мала and Zimmerman, 1958), and the plasmagel 
of the amoeba (unpublished data), are markedlv altered bv the addition. ої 
mercaptoethanol. Since it has been proposed that the gelation reactions in the 
plasmagel are responsible for cytokinesis, mercaptoethanol, presumably by interfer- 
ing with sol-gel reactions, should alter the structural characteristics of the plasmagel 
c thus ассос Ие Ош 

One tool that has been found to be useful in evaluating the effects ої chemical 
agents on cell division is hvdrostatic pressure High pressure tends to solate the 
cortical plasmagel of cleaving eggs. Earlier studies (cf. Marsland, 1956) have 
showrm that the structural characteristics of the cortical plasmagel are есу 
related to the cleavage capacity of the cell. "Thus, the application. of hydrostatic 
pressure blocks cell division. Since chemical agents may modify the structural gel 
components and consequently the cleavage capacity of the cell, these effects may be 
quantitated by ineasuring the pressure values essential to block division. 

The present study was designed to investigate the effects of mercaptoethanol on 
the cleavage capacity of cleaving marine eggs. [n addition, in order to establish 
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what effects thiol groups have on gelation reactions in the cell, pressure-centrifnge 
experiments were conducted on the cortical plasimagel of fertilized eggs. 


MATERIALS AND MET1IIODS 


Living material. l5ggs from -Irbacia punctulata. were obtamed by. means of 
0.5-mil. intracoelomic injection of 0.53 17 KCl. The shed eggs were washed three 
times by decantation with filtered sea water at 20^ C. Тһе sperm were obtained 
froni excised testes and stored as "dry sperm" at 4^ C. 

Pressure apparatus. Тһе microscope pressure chamber, patterened after one 
designed by Marsland. (1950), with certain modifications, permits cells to be ob- 
served at magnification up to 600 times while being subjected to pressure treatment. 
Pressure was built up by means of ап Aminco pressure pump at the rate of 5000 
Ibs./1n.?/second. The pressure was released almost instantaneously by means of à 
needle valve. 

The centrifugal studies were conducted with a pressure-centrifuge head similar 
to one designed bv Brown (1934). This pressure chamber contains two compart- 
ments, a control compartment and a pressure compartment. Thus, the experimental 
and control eggs can be simultaneously centrifuged. Centrifugal forces as high as 
33,000 y were attained within a few seconds by means of a modified Dumore motor 
with an appropriate pulley svstem. 

The microscope-pressure chamber and pressure centrifuge are mounted in а 
specially designed temperature chamber. The temperature control housing permits 
the temperature to be maintained at апу point between. —5^ and 60° C. with а 
АИИ еа АШОК EUS 

Immersion procedure. At appropriate times (20-40 minutes) after insemina- 
tion, the fertilized eggs were placed into a solution of mercaptoetlianol at the desired 
concentration 0.01-0.075 M. After a 20-minute incubation in mercaptoethanol the 
eggs were subjected to centrifugal treatment. Centrifugal displacement of pigment 
vacuoles was established at a magnification of 440 X. 

In establishing the cleavage capacity of fertilized eggs, the cells were immersed 
in the mercaptoethanol 20 minutes prior to the expected time of furrowing. Subse- 
quently, the cells were placed in the microscope-pressure chamber, and at the time 
of incipient fürrows they were subjected to the desired pressure. 

Chemicals. Тһе 2-mercaptoethano] (HSCH,CH,OH) was obtained from 
Eastman Organic Chemicals, Rochester, New York. Fresh solutions of mercapto- 
ethanol i sea water were prepared daily апа equilibrated at the desired. tempera- 
ture prior tO use. 


RESULTS 


Preliminary observations. In general, the data summarized in Table I are im 
goad agreement with the earlier observations of Mazia and Zimmerman (1958). 
[t appears, however, that the zIrbacia eggs are slightly less sensitive to mercapto- 
ethanol than the eges Sstrongylocentrotus purpuratus.. When fertilized, zIrbacia 


eggs are placed into а blocking concentration of mercaptoethanol (0.075 M) prior 
to metaphase, the subsequent division 15 blocked. However, if the cells are placed 
into the same concentration ol mercaptoethanol after metaphase, the cells divide, 
but do not progress past the two-cell stage. A decrease in the concentration. of 
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inercaptoethanol permits the cells to develop to more advanced stages, but they are 
subsequently blocked. When the cells are placed in 0.025 M imercaptoethanol, 20 
minutes after insemination, the first division is delayed 2-9 minutes, апа develop- 
ment is blocked at the two-cell stage. However. at lower concentrations, 0.01 M, 
the cells develop at a rate verv close to that of the controls ; occasionally, the first 
division is delayed up to four minutes, but in the majority of the treated cells, there 
is no delay. At 0.01 M, the embryos proceed to the blastula stage at a normal rate. 


ПОО ВГ 


The effects of various concentrations of mercaptoethanol on developing Arbacia punctulata 
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Pressure-centrijuge. studies. — Pressure-centrifuge. studies may Бе used as а 
means of studying the physical state of the structura! elements concerned with 
division. Previous studies have demonstrated that the cortical plasmagel of 
lertilized eggs becomes rigid following fertilization. ( Marsland, 1956), and the 
relative centrifugal force required to dispiace the echinochrome pigment. vacuoles 
in the cortex of the egg can Бе taken as an indication of gel strength. It 15 possible, 
therefore, to use these physical characteristics to ascertain the effects of mercapto- 
ethanol on the plasmagel of dividing eggs. 

Dao concentrations OL mercaptoethanol were employed IM these centriiagal 
studies, 0.075 M and 0.01 17. "The fertilized eggs were immersed in the mercapto- 
ethanol 20 minutes after insemination for a duration of 20 minutes, at which time 
thev were subjected to centrifugal treatment. The experimental eggs were treated 
with pressure, whereas the control eggs were centrituged at atmospheric. pressure. 
In each test, the centrifugal time (at 33,000 д) required to produce а standard 
displacement of the pigment vacuoles lving in the cortical region was taken as an 
index of the relative strength of the gel. The standard displacement. utilized. was 
the removal of all but 3-6 of the pigment vacuoles from cortical cytoplasm in the 
hyaline region of the centrifuged eggs observed at a magnification. of 40 x. 
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теу ал studies have shown that this cud point is reproducible апа may һе used 
as ап index of plasmagel strength (Zinmnerimnan cl al, 1957; Marsland and Zini- 

jan, 1963 ). 

vs shown in Figure 1. at each of the four pressure levels studied, the gel strength 
of the mercaptoethanol-treated eggs is consistently lower than the control eggs. 
The eggs immersed in the blocking concentration. of. mercaptoethanol, 0.075 M. 
exhibited а structural strength 22-24% lower than that found for the non-treated 
controls. At the lower mercaptoethanol concentration, namely 0.01 $. the division 
was not blocked and the gel strength curve was parallel to the curve tor the block- 
mg concentration and to the control curve, hing intermediate between the two. 
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FIGURE 1. The effects ої 0.01 M and 0.075 Л mercaptoethanol on the gelational state ої 
the cortical cytoplasm of fertilized Arbacia eggs. The gel strength is plotted as а function of 
pressure, at 20° C. The standard centrifugal force in these experiments was 33,000 g. 


Lach of the points plotted represents an average of 8-10 determinations. 
Different batches of eggs exhibit some variation in gel strength. However, in order 
to minimize variation, preliminary. analysis permitted the selection. of eggs which 
exhibited. end-points at centrifugal times of 105-120 minutes at а pressure of 8000 
Ibs./m.*. lIn all cases the slope ot the curve did not vary. In those batches of eggs 
which. exhibited. high. gel-strength, the slope was above that for the average. The 
occasional bateh which exhibited lower gel-strength showed a slope slightly. below 
the average. owever, by preliminary selection ої batches of eggs. variation re- 
maimed ES. Since gel characteristics of eggs may change with mcreased tine, 
we did not conduct more than ten determinations on a given batch of eggs. 

Асһоп of mercaptoethanol оп cleavage. capacity. Previously it was reported 
( Marsland. 1956: Zimmerman et al, 1957) that the minimum pressure necessary to 
block cytokinesis may be used as an index of measuring the "furrowing or cleavage 
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capaeitv" in dividing eggs. The cleavage potential retlects the ability ot the cell to 
divide and may be coinpared 1n normal and treated cells. Furthermore, it has been 
shown that the turrowing capacity 15 а function of the gelation state of the cortical 
plasmagel. "Thus, it was considered essential to ascertain. the effect of. mercapto- 
ethanol on turrowing capacity of these eges. 


ARBACIA PUNCTULATA (20 C) 
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FIGURE 2. The effects of 0.01 M mercaptoethanol оп the cleavage capacity ot. furrowing 
.irbacia eggs. In each experiment the percentage ої blocked cells was determined after a stand- 
ard compression period ої 30 minutes. 


The preliminary studies of varying concentrations of mercaptoethanol indicated 
that a concentration оѓ 0.01 M has a minimal effect оп first division. Тһегеѓоге, 
this concentration was chosen for analysis of the effects of mercaptoethanol on the 
cleavage capacity. 

The fertilized cells at 20° C. were immersed into 0.01 M mercaptoethanol, 20 
minutes prior to the expected time of division, and subjected to a pressure ot 4500 
Ibs./in.?. .Mfter а 30-minute duration of pressure, Ше percentage of blocked. cells 
was determined. Іп general, at this subcritical blocking pressure. ZO ot the cells 
treated with mercaptoethanol were blocked. However, at the same pressure level 
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tons associated. with psendopodial stability and. amoeboid movement: (unpublished 
data). .;luoeba protreus treated with mercaptoethanol exhibits a marked lowering 
of pseudopodial stability, accompanied by а weakening of the plasinagel (Cectoplasn ). 
Thus, the lowered "cleavage potential" and the decreased. plasmagel rigidity in the 
. Irbucia egg following mercaptoethanol treatinent are to be expected if the plasimagel 
structure of the cell, just prior to division, is in a dynamic state shifting from thiol 
to disulfide bonding structures. This indeed appears to be true, Sakai (1963) 
has shown that the thiol content of isolated sea urchin cortices reaches a maximal 

SII content at metaphase and diminishes as the cell prepares for division. By 
stabilizing the —SHE content of tlie cortex of the egg. with селле sea water, 
cytokinesis 15 blocked. Following removal of ether-blocked eggs to normal sea 
water, Пе ==Ski content of the bound. protein within the cortex. diminishes as 
cytokinesis proceeds, Sakai (1962a, 1962b) has reported changes in contractility 
of thread models prepared from fertilized sea urchin eggs which relate to develop- 
mental stages. The Changes in contractility of these models аге accompanied. һу 
changes m the —SI] content of the KCl-soluble egg proteins, 


SUMMARY 


1. Тре fertilized eggs oraw bucia punuctulata were immersed into various concen- 
trations oI mercaptoethanol, and. the structural state of the. cortical evtoplasim, as 
well as the "eleavage potential" of the eclls, were ineasured. 

2. Pressure-centrifupe measurements of the structural state of the cortical 
cytoplasm were made at various pressures (6000—12,000 ]lbs./in.*) at 20^ C. 
employing а centrifugal torce of 33,000 и. А blocking concentration of imercapto- 
ethanol, 0.075 M, viekled а value for the. strength. of the corticzl. gel which: was 
22-24*& lower than that found in the non-treated controls. At а lower mercapto: 
ethanol concentration, 0.01 M, division was not blocked and the gel strength. curve 
was paralle! to the curve for the blocking coucentration and the control curve, but 
Iving intermediate between the two. 

3. ТБе decrease in Пе gel strength. was shown to be related to а decrease. in 
Ше "cleavage potential." A pressure of 4500 lbs./in.* applied at the. tine of 
furrowing will, in general, block about 507. of the cells from cicaving. When the 
eggs were pretreated with 0.01. M. inercaptocthanol 20 minutes prior to division. 
there was a 24% lowerimg in the number of cells which. completed. division under 
pressure treatment, as compared to the non-treated pressurized. controls. 

4. In general, the data support the hypothesis that interference. with: the 
SHÆS—S interaction in protoplasmic gel system is similar in both the mitotic gel 
system and the cortical gel system, and any interference. with the delicate. balance 
may markedly disrupt mitosis and cytokinesis. 
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